ABSTRACT
INTRODUCTION
X-ray astronomy started on June 18 1962 , when Geiger counter sensitive to X-rays were mounted on an Aerobee rocket which was launched from New Mexico. The short flight above the Earth's atmosphere, which is opaque to X-rays, led to the detection of the first extra-solar X-ray source, which was named Scorpius X-1. In the next decade, a few more bright sources were discovered, but it was only in 1971 that a satellite for X-ray astronomy was launched in orbit. The satellite, called Uhuru, provided the first survey of the sky in X-rays. In addition to many more sources, Uhuru provided the first measurement of intrinsic variability in the flux of a source. The Xrays from Centaurus X-3 were modulated periodically every 4.84 seconds. From Doppler delays and the presence of eclipses in the X-ray flux, it became clear that the pulsar was orbiting in a binary system with another star. This was the first direct evidence of an X-ray binary in the out galaxy: whatever was emitting X-rays was in a binary system with a normal star. Artist impression of an X-ray binary. The mass-losing star is in the right. The compact object (a black hole or a neutron star is at the center of the bright accretion disk. A collimated jet is also visible. X-ray are emitted from the innermost region of the accretion disk (Credits: R.I. Hynes).
It is important to note that when the signal is stronger than the background, the sensitivity to the detection of broad timing features increases linearly with the source count rate, but only on the square root of the exposure time. Therefore, what is needed is a large instrument that can collect as many photons per unit second as possible, rather than very long exposures. Most of the current knowledge and of the information in this paper comes from the results of NASA's Rossi X-Ray Timing explorer (RXTE), a satellite for X-ray timing launched
at the end of 1995 and still active. 4 Unlike most X-ray missions, which are based on CCD devices and X-ray optics, the main instrument on board RXTE (the Proportional Counter Array, PCA) consists of five large area collimated proportional counters. 5 For bright sources, they collect a large number of photons, which ensures an unsurpassed performance for timing analysis.
In this article, I will give an overview of our current knowledge of the aperiodic variability of black-hole binaries, i.e. powerful X-ray emitting binary stars where we have evidence that one of the two stars is a black hole. Although we are now detecting similar systems in external galaxies, I will limit myself to the ones on our galaxy, which for distance reasons are the brightest and therefore the ones where we can obtain more precise measurements. In order to do this, I will outline what we know about the physics of these peculiar (and rare) astronomical objects (Section 2) and present the set of basic analysis tools which are currently used (Section 3). The complex observational picture is described in Section 4. Other articles in this session deal with aperiodic variability of binaries containing a neutron star and of powerful active nuclei of external galaxies.
flow. In addition, in some X-ray binaries, accretion is known to occur through stellar wind capture rather than stripping of gas. 
, where ν 0 is the centroid frequency and Q is the coherence factor. For high Q Lorentzians, ν M = ν 0 and for broad components it tends to the half width at half maximum of the Lorentzian. 10 
APERIODIC VARIABILITY: NOISE AND QPO

Low-Hard State (LS): very strong noise
This state is characterized by a hard energy spectrum, usually interpreted as the result of repeated inverse Compton scatterings of soft (< 1keV) photons by a population of high-energy (∼ 100 keV) thermal electrons. The soft photon input is supposed to come from the accretion disk, which is observed to show little variability (see below). The strong variability seen in the LS must therefore originate from the scattering gas itself. Figure 2 shows the PDS of a typical observation of a source in the LS, the bright transient GX 339-4. The shape of this PDS is a textbook example for the LS. It can be decomposed into four components: three flat-top zero-centered Lorentzians plus an additional peaked Lorentzian for a weak and broad QPO. The integrated fractional rms is around 40%. It was only a few years ago that it was realized that the PDS of sources in the LS
Soft intermediate state (SIMS): QPOs without noise
Finally, a last state has been identified, called the Soft Intermediate State (SIMS). This state appears to be particularly important as it has been positively associated the the ejection of the most powerful relativistic jets from this class of systems. 19 In addition, as I will show in the next sections, it is connected to very fast transitions and shows the highest-frequency features observed to date from black-hole binaries. As its name suggests, this state is somewhere between the HIMS and the HS. It corresponds to a very narrow range of flux characteristics, intermediate between these two states. Indeed, as energy spectral features are concerned, there is no discontinuity between this state and the others. It is in the timing regime that this state stands out: it is characterized by a marked drop in fractional rms, corresponding to the disappearance of the Lorentzian components described above, to be replaced with a very different type of PDS.
Two examples can be seen in Fig. 6 Fig. 4 ). However, the most striking features in these PDS are the narrow components peaking at a few Hz. Although they are roughly at the same frequency as the strongest QPO peak in Fig. 5 
. It is evident that the strong flat-top component of the HIMS is not present, to be replaced by a power law not unlike that observed in the HS (see
, their properties are very different, so that they are considered a different class of signal. In one case, the two peaks (that of the HIMS and that of the SIMS) have been seen
simultaneously, as a final proof of their different nature. The narrow QPO in the left panel of Fig. 6 also shows harmonically related peaks at half and twice its frequency, again showing an octave-based harmonic structure. Neither of the two peaks visible in the two panels of Fig. 6 can be approximated by a Lorentzian shape: a good fit can be obtained with a Gaussian component, with broader external wings for which an additional Lorentzian is necessary. Their frequency is much less variable than that of QPOs in the HIMS: usually it is observed in the 4-8 Hz range. A more detailed description of these QPOs can be found in the next section.
LOW-FREQUENCY QPO
In the previous section, I have shown examples of PDS of the different states observed in black-hole binaries. While broad-band noise, when present, accounts for most of the observed aperiodic variability
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Three examples can be seen in the left panel of Fig. 7 . In addition to the detailed characteristics described below, the three types can be separated by simply considering the total fractional rms variability of their PDS, including the noise components. 20 In the right panel of Fig. 7 is shown the distribution of QPO detections as a function of the inverse of the total fractional rms. Fig. 5 , observed when the source is in the HIMS. At very-low frequency, they are also sometimes seen in the LS (see the small peak in Fig. 2 Fig 5) . Overall, the noise plus QPO variability can be as high as 30 
Type-C QPO
Type-C QPOs correspond to the peaks shown in
). They are strong signals (up to 16% rms), they are rather narrow (Q∼7-12) and they are quite variable, both in frequency and intensity. Their centroid is in the range 0.1-15 Hz and it is superposed on a flat-top noise component that steepens at a frequency comparable to that of the QPO (se
Type-B and type-A QPO
A type-B QPO can be seen in the left panel of Fig. 6 . They correspond to peaks with a typical fractional rms of ∼4% and a Q∼6. They are detected exclusively in the SIMS. Unlike the type-C peaks, they are found in a narrow range of frequencies, between 4 and 8 Hz. Also, they are characterized by the absence of a strong flat-top noise component, but are associated to a weaker power-law continuum component. As it is evident from the left panels of Fig. 6 and Fig. 7 , a sub-harmonic and a second harmonic are also usually present, once again presenting the octave-based harmonic structure. Sometimes, unlike for type-C QPOs, the subharmonic is as strong as the fundamental. 
Fast transitions
The low-frequency QPOs described above are very transient features. An example of this can be seen in the left panel of Fig. 8, which shows a spectrogram of about six minutes of observation of GX 339-4 when in the SIMS. 24 There is an obvious narrow feature at 6 Hz, which can be identified with a type-B QPO (see bottom-right panel in Fig. 8 
). Two things are noticeable: the first is that the centroid frequency of the QPO is quite variable on a short time scale. The variations are not random: a Fourier analysis of the frequency evolution shows that it changes on a typical time scale of 10 seconds. The second is that the QPO is not visible in the first ∼2 minutes of data. The average PDS of those 120 seconds shows that a type-A QPO is present, not visible in the spectrogram
HIGH-FREQUENCY QPO
In addition to low-frequency QPO, additional peaks at higher frequency . 31 The component due to the Poissonian noise was not subtracted from the PDS. Right panel: energy dependence of the integrated fractional rms of the 69 Hz peak in GRS 1915+105, measured in the only observation when the feature was particularly strong.
32
It has been noted 30 
